Newly isolated Xanthobacter strains were characterized. In addition, the fatty acid compositions and quinone systems of gram-negative, yellow-pigmented, hydrogen-oxidizing bacteria belonging to the genera Xanthobacter, Hydrogenophaga, and Variovorax and related species were studied. Xanthobacter strains are nitrogen-fixing organisms that have a Q-10 ubiquinone system; the cellular fatty acids of these organisms include high levels of Cls,l acid, and their hydroxy fatty acids include high levels of 3-OH c16:o acid. Hydrogenophaga strains are polarly flagellated organisms that have a Q-S ubiquinone system. These bacteria can be divided into two groups on the basis of cellular fatty acid and hydroxy fatty acid compositions. Variovorax strains are peritrichously flagellated, non-nitrogen-fixing organisms that have a Q-S ubiquinone system; the cellular fatty acids of these strains include high levels of C16:o, c 1 6 : 1 and C18:. acids, and their hydroxy fatty acids include 3-OH CIo:o and 2-OH C14:o acids. Xanthobacter, Hydrogenophaga, and Variovorax strains can be clearly distinguished from each other on the basis of their quinone systems and cellular fatty acid compositions.
Previously (28-31), we described a group of gram-negative methanol-utilizing bacteria on the basis of their morphological characteristics, utilization of carbon compounds, DNA base compositions, DNA-DNA hybridization data, cellular fatty acid compositions, ubiquinone systems. and enzyme electrophoretic properties. The group 5 bacteria that we described (29, 30) are nitrogen-fixing, hydrogen-oxidizing, non-sporeforming, gram-negative, rod-shaped, yellow-pigmented organisms that have a Q-10 ubiquinone system and cellular fatty acids that include high levels of Xanthobacter strains (22, 35, 38) are included in this group.
Coiynebacterium autotrophicum (6) and "Mycobacterium jlavum" (= "Microbacterium flavum") (14, 23) were transferred to the new genus Xanthobacter as Xanthobacter autotrophicus and Xanthobacterflavus by Wiegel et al. (38) and Malik and Claus (22), respectively. In 1987, Xanthobacter agilis (1 8) was described as a third Xanthobacter species, and this species could be clearly distinguished from the two other Xanthobacter species on the basis of pleomorphism, motility, and colony color (2) . X autotrophicus DSM 432T (T = type strain), DSM 431, DSM 685, DSM 1393 (= JCM 786l), DSM 1618 (= JCM 7862), DSM 2009 (= JCM 7863), and DSM 597 (= JCM 7864), X jlavus NCIB 1007T (= DSM 338'), and all of our isolates (strains BY-1, BY-3 to BY-11, and BY-15) were gram-negative, non-spore-forming, rod-shaped, methanol-utilizing organisms whose cells were 0.5 to 0.9 by 1.0 to 3.0 pm and had rounded ends. Nonmucoid yellow colonies were produced on PYG medium, nutrient medium, or methanol-containing me- , and all of our isolates had an absolute requirement for biotin. On the basis of these physiological characteristics, all of our isolates were identified as X. flavus strains, and strain DSM 597 was reidentified as a member of X. jlavus. The yellow-pigmented bacteria Colynebacterium flavescens (= Microbacterium flavum',) (5, 8, 14) and "Mycobacterium flavum (7) reported that H. pseudoflava contains Q-8 and Q-10 systems, but this information was corrected in this study (Table 1) . Hydrogenophaga species can be divided into two groups on the basis of cellular fatty acid composition and hydroxy fatty acid composition. H. flava and H. pseudoflava strains contain high levels of C,,:, acids and high levels of 3-OH C1,:, acid, whereas H. palleronii contains high levels of Clh:, and C16:1 acids, a high level of 3-OH C,,:, acid, and a relatively high level of 3-OH CIS:" acid, as shown in Tables 2 and 3 . L ! paradoxus contains high levels of CI6:", Clh:,, and C,,:, acids, as well as high levels of 3-OH C,,:" and 2-OH C,,:, acids. Our results differ from those of Willems et al. (39) in the proportions of C16:,, C16:,, and CIX:, acids. The reason for this is not clear.
The absorption maximum of the pigments produced by V. paradoxus was approximately 420 nm, while all other species, including C. flavescens, "Mycobacterium flavum subsp. methanicum," and Hydrogenophaga species produced zeaxanthin dirhamnoside pigments (lS), which had an absorption maximum at 450 nm ( Table 1) .
The Gram reactions of Xanthobacter species were described as gram positive or gram variable in Bergey's Manual of Systematic bacteriology (37) . However, Xanthobacter strains are gram-negative bacteria as determined by the ultrastructure of the cell wall (16, 33, 37) , the presence of lipopolysaccharide (36, 37) , the cellular fatty acid composition (30) , and the quinone system (29) . For a long time it was thought that Xanthobacter strains are nonmotile bacteria, but in 1992 Reding et al. (24) reported that X. flavus is a motile species. The motility of X. flavus was observed when cultures were grown with methanol, ethanol, n-propanol, isopropanol, butanol, or gluconate as a carbon source; furthermore, motility of up to 50% of the cells of a slime-reduced mutant of X autotrophicus DSM 432T was observed under special cultural conditions. The characteristics of the hydrogen-oxidizing yellow-pigmented bacteria (Xanthobacter, Hydrogenophaga, and K paradoxus strains) and related bacteria (C. flavescens and "Mycobacterium flavum subsp. rnethanicum") are summarized in Table 4 . Xanthobacter strains can be distinguished from Hydrogenophaga strains, I/. paradoxus, and two related species on the basis of their morphological characteristics (21 , 37, 39), nitrogen fixation characteristics, utilization of methanol, ubiquinone systems, cellular fatty acid compositions, and hydroxy fatty acid compositions. Hydrogenophaga strains can be divided into two subgroups (the H. flava-H. pseudoflava subgroup and the H. palleronii subgroup) on the basis of their cellular fatty acid compositions, hydroxy fatty acid compositions, and DNA-DNA hybridization data (3). These results are supported by rRNA-DNA hybridization data (39) . We believe that the genus Hydrogenophaga should be characterized more precisely in the future. V. paradoxus resembles members of the genus Hydrogenophaga in morphological characteristics and oxidization of hydrogen, but I.: paradoxus differs in the kind of carotenoid pigment that it forms, its cellular fatty acid composition, and its hydroxy fatty acid composition. The chemotaxonomic characteristics determined in this study support the creation of the new genus Variovorax for A. paradoxus proposed by Willems et al. (40) . Minimal characteristics for differentiating the genus Xanthobacter from related genera are shown in Table 5 . 
